Introduction. The aim of this study was to investigate whether consumption of coffee, tea and caffeine affects the risk of primary infertility in women. Material and methods. We selected nulliparous Danish women aged 20-29 years from a prospective cohort and retrieved information on coffee and tea consumption from a questionnaire and an interview at enrollment. We assessed the women's fertility by linkage to the Danish Infertility Cohort and retrieved information on children and vital status from the Civil Registration System. All 7574 women included for analysis were followed for primary infertility from the date of enrollment (1991)(1992)(1993) until 31 December 2010. Analyses were performed with Cox proportional hazard models. Results. During follow up, primary infertility was diagnosed in 822 women. Compared with never consumers, the risk of primary infertility among women who drank coffee or tea was not affected. The risk of primary infertility was neither associated with an increasing number of daily servings of coffee (hazard ratio 1.00; 95% confidence interval (CI), 0.97-1.03) or tea (hazard ratio 1.01; 95% CI, 0.99-1.03) in consumers only. Concerning total caffeine consumption (from coffee and tea), the risk of infertility was similar among consumers compared with never consumers. Finally, none of the additional daily 100 mg of caffeine affected the risk among consumers only (hazard ratio 1.00; 95% CI 0.98-1.02). Conclusions. In this population-based cohort study, not restricted to women seeking pregnancy, we found no association between coffee, tea or total caffeine consumption and the risk of primary infertility in women.
Introduction
It has been suggested that drinking caffeine-containing beverages, including coffee and tea, affects the risk for female infertility (1) . Coffee and tea are widely consumed worldwide; in Denmark, 80% of the population aged 15-75 years, drinks coffee regularly, with an average consumption of three to four cups a day (2) . No clear mechanism for a putative effect of coffee or tea on female fertility has been proposed but caffeine has been suggested to have an adverse effect on ovulation (1) . Conversely, caffeine has been associated with increased insulin sensitivity (3) , which has been shown to improve ovulatory function in women with polycystic ovary syndrome, one of the leading causes of poor fertility (4) . Even if small effects of coffee and tea on female
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In this large Danish cohort study, the risk of primary infertility in women was not associated with consumption of coffee, tea or total caffeine. fertility exist, this may have large public health implications due to the widespread consumption of these beverages.
The first epidemiological study on female fertility and caffeine consumption, published in 1988, showed that women who consumed a quantity of caffeine equivalent to more than one cup of coffee a day were half as likely to become pregnant per ovulation cycle than women who consumed less (5) . Although other studies on this subject were published subsequently, the results are inconclusive. Many studies showed a detrimental effect of coffee, tea or total caffeine consumption on female fertility (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , whereas others showed no association (16) (17) (18) (19) (20) (21) or a beneficial effect (22) (23) (24) (25) . One reason for the inconsistency of the results may be the limited statistical power of most studies. Furthermore, most of the studies were of women who were aware of their poor fertility or who were trying to conceive and reported their caffeine consumption retrospectively. Such studies are subject to recall and other types of bias, and their design makes it difficult to estimate long-term effects.
Using two population-based Danish cohorts, we have performed a large cohort study to clarify further the association between coffee, tea and caffeine consumption and primary infertility (i.e. infertility with no previous live birth). Information on coffee and tea consumption was obtained prospectively, thus eliminating the risk for recall bias, and detailed information on lifestyle factors made it possible to account for several potential confounders. Finally, the women were followed for up to 20 years, which gave us a unique opportunity to investigate any effect of coffee, tea and caffeine consumption on the fertility of women virtually followed throughout their fertile period.
Material and methods

Study population
The study population was based on women in a Danish prospective cohort initially designed to examine the association between human papillomavirus and cervical neoplasia. This cohort comprised 11 088 young women (aged 20-29 years) randomly selected from the general female population living in the Greater Copenhagen area through the Danish Civil Registration System and enrolled in the period May 1991 to January 1993. During enrollment, the women filled in a detailed food-frequency questionnaire and responded to a structured interview on lifestyle. The procedures for enrollment and data collection are described in more detail elsewhere (26) . For the present study, we excluded women with an invalid personal identification number or a missing enrollment date, women who were parous or pregnant at the time of enrollment or had had a hysterectomy or oophorectomy prior to enrollment, and women who failed to return the food-frequency questionnaire or for whom information on tea or coffee consumption or preselected potential confounders was missing; this left 7646 nulliparous women in the study population ( Figure 1 ). 
Assessment of coffee, tea and caffeine consumption
In the food-frequency questionnaire, consumption of coffee and tea was recorded as typical consumption of specific numbers of cups and mugs of each beverage in 12 predefined response categories, from "never" to "8 or more a day." For the analyses, we defined a cup as containing 150 mL and a mug as containing 250 mL, and we defined "a serving" of each beverage as 200 mL. To assess total caffeine consumption from both coffee and tea, we used a standardized measure of the caffeine content of coffee and tea recently applied in a Danish study by Gosvig et al. (27) . Based on information from the Danish Veterinary and Food Administration, Gosvig et al. (27) estimated the caffeine content of a 200-mL serving of coffee to be 132 mg and that of a 200-mL serving of tea to be 52 mg. The total daily consumption of caffeine was calculated as the sum of that from both coffee and tea.
Follow up for infertility
Since 1968, all residents of Denmark have been assigned a personal identification number, which contains date of birth and sex and is used in all Danish registries. To assess infertility in the study population, we used the personal identification numbers to link the study population to the Danish Infertility Cohort, which contains data on all women referred to public hospitals or private fertility clinics for infertility in the period 1963-98, all women with a recorded diagnosis of infertility (codes 628 and N97, excluding N97.4: female infertility due to male factor, International Classification of Disease 8th and 10th revisions, respectively) in the National Patient Registry in the period 1977-2012 and all women with recorded female infertility in the Danish IVF Registry (which contains mandated information on all treatments for infertility in public and private clinics in Denmark since 1994) between 1994 and 2011. At present, the Danish Infertility Cohort comprises 131 692 women in whom infertility was diagnosed between 1 September 1963 and 31 December 2012. The cohort is described in further detail elsewhere (28) . All women with a diagnosis of infertility prior to the enrollment date were excluded (n = 72), leaving 7574 women in the study population for analysis ( Figure 1 ). The women were followed from the date of enrollment until a diagnosis of infertility (n = 822) or censoring, whichever came first. Censoring was performed on the date of emigration (n = 238), date of death (n = 22), date of disappearance (n = 1), date of conception (n = 5375) or 31 December 2010 (n = 1116). Vital status (emigration, death or disappearance) and date of giving birth were retrieved from the Civil Registration System. The date of the last menstrual period was estimated by extracting the mean gestational age (280 days) from the child's date of birth. In the present study, women registered in the Danish Infertility Cohort were considered infertile and women not registered in the Cohort, fertile.
Statistical analyses
We used a Cox proportional hazard model to estimate hazard ratios and corresponding 95% confidence intervals (CIs) for associations between coffee, tea and caffeine consumption and a diagnosis of primary infertility. Age was used as the underlying time scale, and women were entered according to their age at enrollment. We categorized daily servings of coffee and tea consumption into four levels (never, ≤1 serving/day, 2-4 servings/day or ≥5 servings/day). Daily caffeine consumption was categorized into quartiles on the basis of the distribution in the study population (Q1 = 1-168; Q2 = 169-333; Q3 = 334-579; and Q4 ≥ 580 mg of caffeine/day); "never consumers" were categorized in a separate group. We analyzed the association between coffee, tea and total caffeine consumption and primary infertility in women as the number of servings or mg caffeine per day (in the predefined categories) as compared with no consumption and as the risk accrued by each additional daily serving or additional 100 mg/day caffeine per day among consumers only.
In all analyses, we adjusted for educational level (≤9, 10-11 or ≥12 years of schooling), smoking (yes or no), marital status (married/cohabiting or single), number of alcohol-containing drinks per week and year of birth. These potential confounding factors were derived from the current literature and were included in all models a priori. The quantitative variables (number of alcoholcontaining drinks per week and year of birth) were included as restricted cubic splines and tested for linearity in a joint Wald test. The proportional hazard assumption was tested with Schoenfeld residuals and was fulfilled for all models. All statistical analyses were performed with the stset procedure in the STATA/MP software package (version 11.2; StataCorp LP, College Station, TX, USA).
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Results
The median follow-up time for the 7574 women in the study population was 5.8 years (range 0-19.6 years), resulting in 57 051 person-years of observation. During follow up, primary infertility was diagnosed in 822 (11%) women, of whom 610 (74%) reported drinking coffee and 758 (92%) reported drinking tea. Of the fertile women (n = 6752), 5202 (77%) reported drinking coffee and 6276 (93%) reported drinking tea.
The baseline characteristics of the women differed slightly according to coffee and tea consumption patterns (Table 1) . Women who drank coffee (>0 servings/day) were generally older at enrollment, had a higher intake of alcohol, were more likely to smoke and had a higher educational level compared with women who never drank coffee. Women who drank tea (>0 servings/day) were slightly younger at enrollment, drank more alcohol, were less likely to smoke, had a higher educational level and were more likely to be single compared with women who never drank tea. Table 2 shows the relative risks of women for primary infertility according to their coffee, tea and caffeine consumption. Overall, we found no association between coffee, tea and caffeine consumption and primary infertility in women. Compared with women who never drank coffee, women in all categories of daily coffee consumption (≤1, 2-4 and ≥5 servings/day) had a lower but statistically nonsignificant risk for primary infertility. In addition, the risk of primary infertility was not affected by an increasing number of daily coffee servings in consumers only (hazard ratio 1.00; 95% CI 0.97-1.03). The risk of women who drank tea was higher, although not statistically significantly, for all categories of daily servings (≤1, 2-4 and ≥5 servings/day) compared with women who did not drink tea. Furthermore, an increasing number of tea servings per day, among consumers only, did not affect the risk of primary infertility (hazard ratio 1.01; 95% CI, 
Discussion
In this large population-based cohort study of 7574 Danish women, we observed no association between the risk for primary infertility and consumption of coffee, tea and total caffeine. Several other studies showed associations between decreased fertility and coffee or total caffeine consumption (5-8,10-15 ). For example, in a North American case-control study with 4883 women in 1993, Grodstein et al. (10) found that caffeine consumption increased their risk for infertility due to tubal disease or endometriosis. In contrast, a beneficial effect of coffee and caffeine consumption on female fertility has also been shown (22, 23) . In line with our results, however, a number of other studies have shown no association between coffee and total caffeine consumption and female fertility (9, 16, 17, (19) (20) (21) 24, 25) . Thus, the results of a large cohort study of 18 555 women in North America followed from 1991 to 1999 showed no association between the consumption of coffee and total caffeine (from coffee, tea and caffeinated soft drinks) and the risk for ovulatory disorders (21) . Three cohort studies on tea consumption showed a protective effect on female fertility (22, 24, 25) , whereas three other cohort studies indicated an increased risk for delayed conception among women who drank tea (6, 7, 9) . Nonetheless, in agreement with our results, the majority of studies on tea consumption and fertility showed no association (8, 11, 16, 18, 21, 23) .
Our study has several strengths, one of which is the size (n = 7574), which makes it one of the largest population-based cohort studies to date on the association between coffee, tea and caffeine consumption and the risk of women for primary infertility. Unlike most other published studies, which are based on self-reported information on fertility, we had access to information on fertility from a nationwide registry. Furthermore, information on coffee and tea consumption was obtained at enrollment, eliminating the risk of recall bias. The availability of Further adjusted for never consumption (never/ever). information on vital status and emigration minimized loss to follow up, population-based data increased the generalizability of the study, and detailed information on the women's lifestyles made it possible to adjust for several potential confounders. Finally, the long follow-up period of up to 20 years gave us the opportunity to follow the women almost throughout their fertile years (median age at end of follow up: 44 years; range 38-49).
There may be several explanations for the difference between our findings and those of several previous studies that reported an increased risk for fertility problems associated with coffee and caffeine consumption. First, in the vast majority of previous studies, female infertility was measured as the chance of conceiving per menstrual cycle over 12 months. We did not have information on pregnancy wish or the number of cycles that the women had been trying to conceive but instead used a diagnosis of infertility, which may reflect more severe forms of infertility. Secondly, we had no information on the consumption of other caffeinated beverages and foods (for example, soft drinks and chocolate). Consequently, although coffee and tea are the two main sources of caffeine in Denmark (29), we may have slightly underestimated total caffeine consumption. Thirdly, in contrast to our study, several other studies recorded consumption of caffeinated beverages at the same time as fertility status. This may result not only in recall bias but also in reverse causality, as it is reasonable to assume that women who are unsuccessful at becoming pregnant change their behavior accordingly, making it difficult to determine any time-cause relation. Fourthly, although we adjusted for several potential confounders such as smoking and educational level, we did not adjust for body mass index, as this information was available for only a subset of women (~70%) in the study population. However, a subanalysis of women for whom information on body mass index was available did not markedly change our results (data not shown). Fifthly, as a number of nulliparous women were initially excluded from the study, mainly because of missing information (n = 1567), our results may be somewhat affected by selection bias. However, such a bias would be of limited importance, as the women who were excluded did not differ systematically according to rate of infertility, age at enrollment, year of birth, year of enrollment, alcohol consumption or marital status from the main cohort, although they did differ slightly by smoking status and educational level (data not shown). Furthermore, the number of women who were followed to the end of follow up without either infertility or pregnancy might include women who were not aspiring to be pregnant and thus at lower risk for a diagnosis of infertility; however, a sensitivity analysis only of women with diagnosed infertility and women who became pregnant during follow up gave similar risk estimates (data not shown). Sixthly, consumption of coffee and tea was recorded only at the time of enrollment (1991-93). As drinking habits may change over time, this initial measurement may not adequately reflect consumption at the time of diagnosis of infertility. However, it has been shown that the majority of women who begin drinking coffee at around the age of 20 continue their daily intake (30) and we therefore consider the early measure, an adequate indicator of later consumption. Finally, we had no information on the specific type of coffee or tea consumed or the brewing methods used. As the vast majority of tea sold in Denmark in the mid-to early 1990s was black tea, and the standard coffee-brewing method was drip or filtered, our results may be generalizable only to these types.
In conclusion, in this population-based cohort study (i.e. not restricted to women seeking pregnancy), we found no evidence that coffee, tea or total caffeine consumption affects the risk of Danish women for primary infertility. This finding is reassuring, as even small effects of coffee and tea on female fertility could have a large health impact because of the widespread consumption of these beverages.
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